Objective: Acromegaly is frequently associated with altered facial appearance at the time of diagnosis. Furthermore, acromegaly is also associated with adverse psychological outcomes. We conducted a single-centre, cross-sectional study comparing patients with growth hormone vs non-functioning pituitary adenomas (NFA) to assess the association between morphometric changes and psychological outcomes and illness perception of patients with acromegaly. Methods: A seven-step scale was developed to grade morphometric changes based on facial photographs. In addition, all patients were asked to draw an image of their own body and an image of what they considered to be an average healthy body and complete seven psychological questionnaires. We recruited 55 consecutive patients in each of the two groups who had undergone surgery with or without radiation therapy (RT). Results: Our data showed that the clinician-rated morphometric scale was highly reliable in assessing facial changes, with 93/99 (Intraclass correlation coefficient (ICC)Z0.95 (0.93-0.97)) graded as similar by independent raters. The mean (S.D.) grading for Acro and NFA patients on the clinician-rated morphometric scale were 3.5 (1.3) and 0.41 (0.35) respectively (P!0.0001). A higher clinician-rated morphometric score was also predictive of a poorer score on the drawing test. Conclusions: Our study demonstrates a correlation between physical changes associated with acromegaly and poor psychological outcomes, whereas no such correlation existed with modes of therapy, disease control status, RT, malignancy, initial or recent GH/IGF1 or secondary hormonal deficiency. Our data support the utility of the morphometric scale as a clinical tool for grading facial changes.
Introduction
Acromegaly is associated with typical morphometric changes, including altered facial appearance and enlarged extremities. These changes are generally insidious in nature, which on average can delay the diagnosis for about 12 years (1). Consequently, 98% of patients with acromegaly have significant morphometric changes at the time of diagnosis (2) . An association between acromegaly and adverse psychological outcomes has been known for many decades (3) . Several studies have demonstrated an increased prevalence of psychopathology, cognitive dysfunction and personality changes both in patients with active acromegaly (4, 5, 6, 7) as well as those in remission (8) . In addition, patients with acromegaly have a negative self-perception based on the drawing test (9) , a novel technique that can illustrate their notions in a more concrete and specific way than questionnaires or structured interviews limited by operating along predefined dimensions (10, 11) . The drawings can also be useful in identifying idiosyncratic beliefs, which can play a critical role in illness perceptions, medication adherence, self-management skills and quality of life (QoL) (12) . To date, no study has looked at the association between morphometric changes and psychological outcomes in acromegaly. We intended to examine the pathological personality traits, psychological experiences (mood, QoL, self-perception and social support) and biomedical markers in association with morphometric changes and the drawing test. We conducted a study with a threefold objective: i) to develop a clinician rating scale to quantify morphometric changes in acromegaly; ii) to compare the clinician-rated morphometric scale with patients' illness perception based on a drawing test and iii) to determine the association between morphometric changes and psychological outcomes.
Subjects and methods

Patients
This was a single-centre, cross-sectional cohort study conducted at the Halifax Neuropituitary Program, Dalhousie University, Halifax, Nova Scotia, Canada. We recruited 55 consecutive patients in each of the two groups: i) patients with acromegaly (Acro group) who had undergone surgery with or without radiation therapy (RT) and/or medical therapy and ii) patients with nonfunctioning pituitary adenomas (NFA) group who had undergone surgery with or without RT. None of the patients approached for the study declined to participate.
The following data were extracted for all patients: current age, gender, age at diagnosis, time since diagnosis, date of surgery, date of RT (if given), complete pituitary hormonal profile at presentation and within 3 months of the study visit, history of malignancy, secondary hormonal insufficiency and replacement therapy for secondary hormonal insufficiency. For the Acro group, the following additional variables were collected: fasting growth hormone (GH), serum insulin-like growth factor 1 (IGF1) and post-75 g oral glucose tolerance test (OGTT) GH at diagnosis and within 3 months of the study visit and the date of start and type of medical therapy.
The diagnosis of acromegaly had been established on the basis of typical clinical features, an elevated IGF1 and non-suppressible GH to !1 mg/l after 75 g OGTT. Patients with normal serum IGF1 and GH !1 mg/l after OGTT and not requiring medical therapy were regarded as in remission; those who achieved normal serum IGF1 but required medical therapy were regarded as controlled and those who had an elevated IGF1 despite maximum medical therapy were regarded as uncontrolled. Adrenal insufficiency was defined as either basal serum cortisol of !130 nmol/l or failure of serum cortisol to rise O500 nmol/l after an insulin tolerance test or 250 mg ACTH stimulation test; secondary hypothyroidism diagnosis was based on a free thyroxine below the normal reference range with normal or low thyroid-stimulating hormone. Secondary hypogonadism in men was defined as total serum testosterone below the normal reference range with normal or below-normal serum luteinizing hormone (LH) and follicle-stimulating hormone (FSH), whereas in premenopausal women it was defined as amenorrhea for O6 months (after excluding pregnancy and birth control therapy), below-normal serum estradiol and inappropriate normal or low serum LH and FSH, whereas in postmenopausal women it was defined as below-normal serum LH and FSH in the absence of estrogen therapy. Diabetes insipidus was diagnosed based on the presence of polyuria and polydipsia in addition to abnormal water deprivation test. We do not routinely perform dynamic testing for GH deficiency unless coverage for GH therapy is available; therefore, GH deficiency was not consistently evaluated.
Photographs
Each patient had a lateral and a three-quarter frontal view ( with the dedicated flash at w6000 K. The subjects were seated 24 00 in front of a white screen and the camera was placed 48 00 away from the subjects. Focal length was set at 80 mm, aperture setting was f8 and shutter speed was 1/125 s. Dedicated flash was set to f11 at 1/125 s with diffuser in place. All photos were printed on semi-gloss photo quality paper at 9!3 cm.
Clinician-rated morphometric scale
In order to develop a clinician-rated visual morphometric scale, we requested current and all previous photographs from each patient's personal collection from the time of graduation from high school for patients with acromegaly, as well as 20 (ten of each gender) NFA patients, and received an average of seven photographs spanning a mean period of 40.2 years. These photographs were analyzed by a forensic artist to develop a seven-step scale (Fig. 1 (6) . Two physicians (S A Imran and D B Clarke), who had been following all patients, independently graded each photograph based on the scale. Grading was regarded as similar if both physicians were within one step of each other. Where grading was more than one step apart, a consensus grading score was determined. This score was regarded as the expert grading score. Subsequently, four endocrinologists (S M Kaiser, F Siddiqi, B De Tugwell and C-E Yip) who were completely unfamiliar with the patients independently graded each photograph. Grading within one step of each other was regarded as similar and in case of a difference greater than one step, the panel met to reach a consensus grading. This was regarded as the non-expert grading score. Finally, the non-expert grading scores were compared against the expert scores and in case of greater than one step difference, the final consensus score was sought through discussion. If consensus could not be reached, the grading was regarded as divergent.
Drawing test
All patients were asked to make two drawings ( The drawings were scanned and imported into the freely available NIH ImageJ Software. The outside parameters of the drawing, head, right hand, and right foot were computed based on previously described methodology (9) by measuring in pixels and two independent observers scored the characteristics of the drawings. Subsequently, k scores were calculated for each characteristic. If the k was !0.7, consensus was reached between the raters by re-analyzing the drawings together. In addition, delta values were calculated based on percentage increase or decrease with the formula (((drawing 2/drawing 1)K1)!100) to score the difference between drawing 1 (own body) and drawing 2 (healthy body).
Psychological questionnaires
All patients were asked to complete seven questionnaires listed below. Psychological measures were divided into two types; personality pathology (used in most of the previously published literature) and current psychological Figure 2 Self-drawing samples of NFA (A and B) and acromegaly (C and D).
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Personality pathology " Dimensional Assessment of Personality Pathology-Short Form (DAPP-SF) (13) . This is a 136 item self-report scale that assesses 18 dimensions of personality functioning that has been used in the acromegaly population by Tiemensma et al. (8) . The score for each subscale differs with maxima of 30-40, and higher scores indicate more pronounced maladaptive personality traits. There are no formal cut-off scores for these subscales.
Psychological experience
Emotional functioning " Apathy scale " This is a 14-item scale (items scored from 0 to 4) that has been validated in this population (14) . The scale measures different features of apathy in the two previous weeks. The total score of this scale ranges from 0 to 42 points, with higher scores indicating greater apathy. Apathy is defined by a total score R14 points.
Irritability scale " This is a 14-item scale similar in style to the Apathy scale (scored 0-4) that has been validated and used with acromegaly patients (15) . The scale assesses different features of irritability in the two previous weeks. The total score ranges from 0 to 42 points, with higher scores indicating greater irritability. Irritability is defined by a total score R14 points.
Quality of life " Acromegaly QoL scale " The AcroQoL consists of 22 questions on a five-point Likert scale. The response choices are divided into frequency of occurrence (ranging from 'always' to 'never') and degree of agreement with the items (ranging from 'completely agree' to 'completely disagree'). The total score ranges from 0 to 100, with a lower score indicating a greater impact on health related QoL. The scale has been validated in a Spanish population and translated into English (16).
Self-perception " The Rosenberg self-esteem scale " This is one of the well-used scales to assess overall self-esteem. It is a ten-item scale, with each item scored on a four-point scale (17) . The total score is used to index self-esteem, with no cut-offs or population norms.
Body image distortion " This is a 14-item satisfaction with appearance scale, which assesses subjective satisfaction and social-behavioural impact; it has been validated (18) and the total score is used with no cut-off or population norms.
Social support " The Interpersonal Support Evaluation List " The Interpersonal Support Evaluation List (ISEL) is a well established measure of social support that has been validated in the literature is a 40-item self report scale, with four subscales: appraisal, tangible, self-esteem and belonging (19) . The total scores are used with no clinical cut-offs or population norms.
Statistical analysis
Patient characteristics at presentation were presented as means and S.D.s for continuous variables and as frequencies with percentages for categorical data. Comparisons were assessed using the Student's t-test and the Fisher's exact test. The agreement between expert and non-expert scores were assessed using the intraclass correlation coefficient (20) . Expert and non-expert clinician-rated morphometric scale scores were calculated as the mean of both physicians, and four independent endocrinologists respectively. The proportion of divergent scores between experts and non-experts were described with divergent scores represented as any rating difference O1 on the morphometric scale. Psychological outcomes in NFA and Acro patients were expressed as means and S.D.s. The relationship between the clinician-rated morphometric scale and the psychological outcome scores were first described using receiver operating characteristic (ROC) curves and then expressed as means and S.D.s categorized into those scoring !2 vs O2, values that were determined based on 
maximizing both sensitivity and specificity simultaneously from all ROC curves. A comparison in psychological outcomes was made for those with large delta values on the patient drawing test and categorized into those who had delta scores O25% on any of the five categories (height, width, head width, right hand and right foot) vs those who did not, using the Student's t-test.
Correlations between the clinician-rated morphometric scores and the five individual delta values on the drawing test were summarized using Pearson's R. We also assessed the association between clinician-rated morphometric scores using logistic regression analysis and an ROC curve with the dependant categorized as those who had delta scores O25% on any of the five categories as previously defined. Results are presented as odds ratio (OR) and 95% CI. All analyses were completed using SAS version 9.4 (Cary, NC, USA).
Results
Patient characteristics
These are summarized in Table 1 . A total of 110 patients (55 in each group) were consecutively recruited for the study. Of those, 51 in the Acro group and 48 in the NFA group completed the study. The mean ages and gender distribution of the two groups were similar. The mean age at presentation in the NFA group was 53.0 (14.7) years compared with 46.0 (14.0) years in the Acro group (PZ0.04). Of all Acro patients, 42 were either controlled or in remission while nine were uncontrolled. There was no significant difference overall in the risk of secondary hormonal deficiency or malignancy between the two groups. All patients with secondary hormonal deficiency were on stable replacement therapy for at least 6 months and none of those patients were receiving active medical therapy for cancer and all malignancies were in remission for at least 24 months.
Reliability of the morphometric scale
Overall, there was robust agreement amongst physicians' grading based on the clinician-rated morphometric scale. Before consensus, 73/99 (ICCZ0.83 (0.72-0.89)) were regarded as similar, whereas after consensus 93/99 (ICCZ0.95 (0.93-0.97)) were similar with 6/99 being divergent. When comparing post-consensus grades between experts and non-experts, 20 (20.2%) were identical, 73 (73.7%) were within one step of each other and 6 (6.1%) were within two steps of each other. None of the grades were more than two steps apart.
Impact of acromegaly on psychological outcomes
There data are summarized in Table 2 . Acro patients were more likely to display affective lability, cognitive dysregulation, identity problems, intimacy problems and low affiliation than NFA patients (all P!0.05). Similarly, Acro patients scored higher on the measure of emotional apathy (PZ0.007), had lower QoL as measured by the total QoL scale (P!0.0001), as well as the physical, appearance and personal relationships subscales (all P!0.01), compared with NFA patients. Finally, acromegaly patients were less satisfied with their appearance (P!0.0001) and had lower self-esteem (PZ0.005) than NFA patients.
Women, compared with men, reported lower QoL on the appearance scale (61.5 vs 74.3, PZ0.007) as well as lower intimacy scores on the DAPP-SF (PZ0.005), whereas men were more likely to have conduct problem (PZ0.006) and callousness (PZ0.001) on the DAPP-SF. There were no significant relationships between poor psychological outcomes and the risk of malignancy, modes of therapy including surgery, medical therapy and RT, acromegaly control state (remission, controlled or uncontrolled), serum IGF1 levels either recent of at presentation or secondary hormonal deficiency status (data not shown). Psychological outcomes and the clinician-rated morphometric scale
The mean (S.D.) grading for Acro and NFA patients on the clinician-rated morphometric scale were 3.5 (1.3) and 0.41 (0.35) respectively (P!0.0001). Individuals with a higher morphometric score were more likely to score high on apathy, less satisfaction with personal appearance, poorer personal relationships, poorer QoL as measured by the total QoL scale, as well as the physical, appearance and personal relationships subscales (all P!0.01), lower levels of self-esteem (PZ0.02) and reduced appraised social support (PZ0.03). An attempt was made to determine a cut-off score on the clinician-rated morphometric scale that might index psychological disturbance. A score of O2 on the clinicianrated morphometric scale was associated with an increased likelihood of poor outcomes (Fig. 3 and Table 3 ). The sensitivity values for various outcomes in individuals who received a grading score O2 were: irritability (69.2%), apathy (66.7%), Acro QOL total score (78.6%), social support (62.5%), Rosenberg self-esteem scale (61.5%) and satisfaction with appearance (68.2%). When looking at the Acro group alone, data were divided on the basis of median morphometric reading of 3.5. There was a trend towards positive correlation between higher morphometric reading and adverse psychological outcomes, especially in conduct problem (P!0.05) and suspiciousness (PZ0.05).
Psychological outcomes and the drawing test
Compared with NFA patients, Acro patients had a significantly higher distortion in the right hand (47.52 Table 4 ).
Correlation between the drawings and the clinician-rated morphometric scale
Overall, there was a positive correlation between the drawing test and the clinician-rated morphometric scale.
The correlations between the clinician-rated morphometric scale and the drawing delta value were: height, rZ0.23 (PZ0.06); width, rZ0.19 (PZ0.12); head width, rZ0.06 (PZ0.61); right foot, rZ0.25 (0.08) and right hand, rZ0.33 (PZ0.02). A higher clinician-rated morphometric score was predictive of a higher delta score on the drawing test with an increase in the odds (OR 1.47, 95% CI 1.08-2.00, PZ0.02) of O25% delta scores on one of the patient drawing scores (Fig. 4) .
Discussion
Acromegaly is associated with progressive morphometric changes such as acral enlargement, fleshy lips, enlargement of the nose, prominence of the skull and jawbones as well as skin and soft tissue changes that can progress in time to significant disfigurement. Furthermore, many of these changes are only partially reversible and most patients, even after achieving biochemical control, never achieve their pre-disease features. The emotional and psychological effects of such lingering changes have so far not been thoroughly studied. Previous studies have reported an increased risk of psychopathology and maladaptive personality traits in patients with active acromegaly and those who have been in long-term remission (8, 21, 22) . However, to date there has been no satisfactory explanation of this phenomenon except that it may be related to irreversible changes associated with previous GH excess (8) . We extended this research by examining not only pathological personality traits but psychological experiences (mood, QoL, selfperception and social support) as well as biomedical markers (length of disease, GH and IGF1 levels on initial presentation and at the last visit, disease control status, modes of therapy including surgery, medical and RT, malignancy as well as secondary hormonal deficiency). None of the biomedical markers were associated with personality pathology or psychological experience although others have reported that younger age, RT and higher BMI are associated with poor QoL in Acro patients (23, 24) . Larger studies utilizing more sensitive questionnaires are required to assess subtle effects of disease on psychological wellbeing of these patients. For instance, a recent study (25) suggested that the three subscale model of the Acro QoL reflecting physical complaints, appearance issues and personal relations issues was better than the traditional total score in reflecting multidimensional measures of QoL. In our study, acromegaly negatively impacted a number of aspects of psychological functioning related to emotions (apathy), QoL, satisfaction with appearance and self-esteem.
Interestingly, there was a distinct gender association with certain psychological outcomes. Our data showed that women, compared with men, had lower appearancerelated QoL, whereas men were more likely to have conduct features and callousness. These differences, if replicated, might suggest that the ongoing negative sequelae of acromegaly impact men and women differently. Women might internalize the distress of the condition and, hence, their lower satisfaction with appearance. Men, on the other hand, might externalize this stress, acting out and becoming less caring. Small sample size precluded us from assessing the effects of estrogen or testosterone replacement on various ROC curve: mean physician score as a predictor of one or more drawing delta O25%.
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Clinical Study S A Imran and others Acromegaly facial changes and psychopathology 174:1psychological outcomes. However, larger studies may provide a better insight into these trends. One of the important outcomes of this study was the development of a clinician-rated scale to assess the extent of morphometric changes in acromegaly. This scale demonstrated good reliability between raters and correlated with adverse psychological outcomes. Similarly, selfdrawings of discrepancy between perceived and ideal body image also correlated with psychological distress. These data, if replicated in larger series, will lend credibility to the interpretation that the psychological disturbance associated with acromegaly may be mediated by morphometric changes that are experienced by the individual as distressing.
Although our data showed a correlation between the physician grading and patient self-drawing, it appears that the morphometric scale and the drawing tests seem to be associated with slightly different outcomes. This is an interesting finding that needs to be replicated. The selfdrawings were related to personality pathology more so than the clinician ratings. Both were predictive of psychological distress. Further research is needed to examine whether the different measures of morphometric distortion predict different outcomes and/or respond differently to interventions.
Our morphometric scale showed a high reliability, in that 94% of the photographs were graded within one step, whereas none was graded with a discrepancy of more than two steps. Furthermore, when comparing Acro with NFA patients, our scale suggested a distinct cut-off that predicted high risk of adverse psychological outcomes. A grade O2 was highly predictive of an increased risk of adverse outcomes. If confirmed in larger future studies, these data indicate potential value in the clinical application of this morphometric scale as a sensitive and reliable tool to identify high-risk patients. The selfdrawing, on the other hand, requires interpretation of the test by a special computer program that may limit its utility in a busy clinical setting.
While we are unable to conclude that there is a causal relationship between morphometric changes and adverse psychological outcomes due to the design of our study, it certainly is a tantalizing hypothesis. An irreversible effect of excess GH on cognitive functioning cannot be excluded (26) , but future studies should also focus on various interventions, both psychological and cosmetic, to assess the impact of such strategies on improving psychopathological outcomes.
Our study has several strengths. We had a closely matched group of control patients and, unlike a previous study where only 52% of the invited patients participated (9), none of the invited patients declined the study and furthermore, 87% patients in the NFA group and 92% in the Acro group completed the study. However, there were limitations as well. This was a single-centre study with a relatively small population of patients. Furthermore, two physicians (S A Imran and D B Clarke) were very familiar with patients, which may have impacted their assessment of patient photographs; to counterbalance this, the remaining physicians were truly blinded to the underlying diagnosis.
In summary, our study demonstrates a correlation between physical changes associated with acromegaly and poor psychological outcomes, whereas no such association existed with other disease-related variables. Future studies are needed to assess the validity of the morphometric scale in a larger and diverse population of patients and to assess the effect of intervention on outcomes identified through this scale.
